Objective To test the sensitivity and specificity of a clinical case definition of acute intussusception in infants to assist health-care workers in settings where diagnostic facilities are not available. Methods Prospective studies were conducted at a major paediatric hospital in Viet Nam (the National Hospital of Pediatrics, Hanoi) from November 2002 to December 2003 and in Australia (the Royal Children's Hospital, Melbourne) from March 2002 to March 2004 using a clinical case definition of intussusception. Diagnosis of intussusception was confirmed by air enema or surgery and validated in a subset of participants by an independent clinician who was blinded to the participant's status. Sensitivity of the definition was evaluated in 584 infants aged < 2 years with suspected intussusception (533 infants in Hanoi; 51 in Melbourne). Specificity was evaluated in 638 infants aged < 2 years presenting with clinical features consistent with intussusception but for whom another diagnosis was established (234 infants in Hanoi; 404 in Melbourne). Findings In both locations the definition used was sensitive (96% sensitivity in Hanoi; 98% in Melbourne) and specific (95% specificity in Hanoi; 87% in Melbourne) for intussusception among infants with sufficient data to allow classification (449/533 in Hanoi; 50/51 in Melbourne). Reanalysis of patients with missing data suggests that modifying minor criteria would increase the applicability of the definition while maintaining good sensitivity (96-97%) and specificity (83-89%). Conclusion The clinical case definition was sensitive and specific for the diagnosis of acute intussusception in infants in both a developing country and a developed country but minor modifications would enable it to be used more widely. Voir page 574 le résumé en français. En la página 574 figura un resumen en español.
Introduction
The withdrawal of the first rotavirus vacc c cine to be licensed in the United States (RotaShield, Wyeth-Lederle Vaccines, Philadelphia, PA, United States), due to an unexpected association with intusc c susception, resulted in a major setback in the effort to reduce the global burden of rotavirus gastroenteritis. [1] [2] [3] Although the risk of intussusception following imc c munization with RotaShield is low, it has posed a major challenge to the future development of a safe and effective vacc c cine. 2 Largecscale clinical trials are now required to detect a risk of intussusception of < 1 in 10 000. [4] [5] [6] Baseline intussuscepc c tion surveillance is needed in sites where trials of rotavirus vaccines are planned, and postclicensure intussusception surc c veillance may also be required by some licensing agencies. Intussusception is the invagination of the bowel by a more proximal segment. The intussusception can be propelled disc c tally by peristalsis, resulting in intestinal obstruction and vascular compromise of the intestine. Prompt identification and reduction by air enema or hydrostatic enema or by surgery is vital to minimize the morbidity and mortality that may be associated with this condition. To assist in the early recognition of infants with intussusception a clinical case definition for the diagnosis of acute intussuscepc c tion in infants and young children was developed by WHO and the Brighton Collaboration. 7 The aim of the clinical case definition is to provide practical clinical criteria that will identify the majority of children with intussuscepc c tion presenting at a variety of healthccare settings. The clinical case definition that was developed showed promise (sensic c tivity = 97%; specificity = 87-91%) in a retrospective study in a tertiary care hospital in Australia. 8 The aim of this study was to validate the clinical case definition for intussusception by asc c sessing the performance of the criteria prospectively in parallel studies in a developed country and in a developing country where there is a high incidence of intussusception. Each component of the definition was analysed to assess the reliability of individual symptoms and signs as well as groups of symptoms and signs to assess the sensitivity and specificc c ity of the definition.
Validation of clinical case definition of acute intussusception in infants in Viet Nam and Australia

Methods
Prospective studies were performed at the National Hospital of Pediatrics in Hanoi, Viet Nam, during a 14cmonth The sensitivity of the clinical case definition was evaluated in infants aged < 2 years presenting to the hospitals. Medical staff completed a standardized questionnaire (in English or Vietnamese) that reviewed the symptoms and signs described in the clinical case definition. A diagnostic procedure was then perc c formed to confirm or exclude intussusc c ception. Only patients with the diagnosis of primary idiopathic intussusception confirmed by air enema or surgery were included in the calculation of sensitivity. Validation of cases of intussusception diagnosed by air enema was conducted by an independent radiologist (MdC) blinded to the infant's status who rec c viewed radiographs of the air enema examination from before and after air reduction. Surgical notes for all patients diagnosed with intussusception at surc c gery were reviewed by an independent observer to confirm the diagnosis.
The specificity of the definition was assessed in patients with symptoms and signs that may occur in intussusception but for whom an alternative diagnosis was established (noncintussusception control group).
The noncintussusception control group included infants aged < 2 years presenting to the hospitals with one or more of the following symptoms or signs: vomiting without respiratory symptoms, abdominal pain, rectal bleeding, bowel obstruction or abdominal mass. At the hospital in Melbourne, eligible patients were recruited over a 2cweek period once every 2 months from 14 October 2002 to 3 August 2003 (a total of 12 weeks) to avoid a seasonal bias. Similarly, at the hospital in Hanoi patients were recruited at regular intervals from 16 January 2003 to 31 December 2003 (a total of 9.5 weeks). The doctor who treated the pac c tients in the noncintussusception control group completed the same standardized questionnaire used for the intussuscepc c tion cases.
Individual symptoms and signs and groups of clinical features within the clinical case definition were assessed for sensitivity and specificity in both groups of infants: those diagnosed with intusc c susception and the noncintussusception control group. The infant's condition was then categorized as probable intussuscepc c tion, possible or negative for intussuscepc c tion according to the level of diagnostic certainty as defined by the clinical case definition (Box 1). Some infants could not be categorized by the definition because data were missing. A patient's status was defined as inconclusive if data were missing and the category of diagc c nostic certainty judged by the clinical case definition was different when the missing value (or values) was assumed to be positive compared with when the missing value was assumed to be negac c tive. Secondary analyses were performed to establish a range of sensitivity results for the case definition by changing the assumptions about the missing data.
For patients in the control group it was considered unethical to perform a rectal examination if it was not clinic c cally indicated. Therefore, an additional analysis of specificity was performed for patients in this group using all of the elements of the clinical case definition except those dependent on conducting a rectal examination (rectal mass, blood on rectal examination and intestinal prolapse if not visible on external examic c nation). In order to identify the effect of making changes to the definition to improve sensitivity without compromisc c ing specificity, we also measured the effect of removing specific criteria from the case definition (criteria that either performed less well or were incompletely recorded).
The frequency of symptoms and signs between study sites was compared using the c² test. Sensitivity was calc c culated using all infants diagnosed as having intussusception at the study site and in the subset of infants with intusc c susception confirmed by the indepenc c dent observer.
Findings
Assessment of sensitivity
During the 14cmonth study in Hanoi we assessed 533 children aged < 2 years with primary idiopathic intussusception confirmed by air enema or surgery. This contrasts with the 51 cases of intussusc c ception diagnosed in Melbourne during a 24cmonth study. At both sites a male predominance was observed, and the median age of infants with intussuscepc c tion was similar (Table 1) .
Independent confirmation of the diagnosis of intussusception by radioc c logical evaluation and/or review of surgical notes was possible for 446 of 533 infants (84%) seen at the hospital in Hanoi and for 34 of 51 infants (67%) seen in Melbourne (Table 2) . Abdominal pain was the most common symptom reported among cases, occurring in  94% of infants with intussusception presenting at both hospitals (533/533 infants in Hanoi; 48/51 in Melbourne) ( Table 3 ). An abdominal mass detected on clinical examination was reported in 82% (436/532) of infants at the hospic c tal in Hanoi compared with only 55% (28/51) at the hospital in Melbourne (P < 0.004). In Melbourne, lethargy and pallor were frequently observed on clinical examination of infants, howc c ever these two clinical features were not consistently reported in infants presentc c ing in Hanoi (P < 0.004). Ultrasound examination was shown to be sensitive at correctly identifying intussusception in  97% of infants who were subsec c quently diagnosed with intussusception by air enema or surgery at both hospitals (463/477 infants in Hanoi; 24/24 in Melbourne).
Sensitivity was initially calculated for patients for whom there was suffic c cient data to allow a classification to be made in strict accordance with the clinic c cal case definition (Box 1). This calculac c tion identified a sensitivity of 98% at the hospital in Melbourne (49/50 assessable cases) and 96% at the hospital in Hanoi (433/449 assessable cases) (Table 4) . However, one case in Melbourne (2%) and 84 cases in Hanoi (16%) could not be classified because a plain abdominal Xcray, rectal examination or both were not performed and thus the requirec c ments of the definition could not be met; these cases were defined as inconclusive (Table 4) . Inconclusive cases were less likely to be classified as positive for the major criterion of evidence of gastroinc c testinal bleeding (1/72 cases) compared with patients classified as probable (308/422 cases). Analysis of sensitivity for patients in the inconclusive group was performed by assuming that the missing value was either positive or negac c tive (Table 4) . Using this method, the The demonstration of invagination of the intestine at surgery; and/or Radiological criteria: The demonstration of invagination of the intestine by either air or liquid contrast enema; or The demonstration of an intra-abdominal mass by abdominal ultrasound with specific characteristic features b that is proven to be reduced by hydrostatic enema on post-reduction ultrasound;
and/or Autopsy criteria: The demonstration of invagination of the intestine.
Level 2 of diagnostic certainty
Clinical criteria: Two major criteria (see table for major and minor criteria for diagnosis below); or One major criterion c and three minor criteria (see table for major and minor criteria for diagnosis below).
Level 3 of diagnostic certainty
Clinical criteria: Four or more minor criteria (see minor criteria for diagnosis below).
Any level of diagnostic certainty
In the absence of surgical criteria with the definitive demonstration of an alternative cause of bowel obstruction or intestinal infarction at surgery (e.g., volvulus or congenital pyloric stenosis).
Major and minor criteria used in the case definition for the diagnosis of intussusception Target sign or doughnut sign on transverse section and a pseudo-kidney or sandwich sign on longitudinal section. c If one major criterion is the passage of blood per rectum that is mixed in a diarrhoeal stool, consideration should be given to infectious causes (e.g., E. coli, shigella, or amoebiasis). In such cases two major criteria should be met. d If the vomiting is bile-stained, it cannot be counted twice as a major and minor criterion. e Lethargy and pallor typically occur intermittently in association with acute spasms of abdominal pain. In patients with severe or prolonged intussusception, lethargy and pallor may become a constant feature associated with a deterioration in cardiovascular status and impending hypovolemic shock.
sensitivity of the clinical case definition ranged from 81-97% in Hanoi and 96-98% in Melbourne. A subanalysis was performed using only those patients for whom the diagnosis of intussuscepc c tion had been confirmed by an indepenc c dent radiologist or medical observer or both. No difference in sensitivity was observed among this subgroup.
Assessment of specificity
In the specificity arm of the study, 404 patients in Melbourne and 234 patients in Hanoi were enrolled. the definition using the same methods as in the sensitivity analysis (Table 4) . Data for control patients were reanalysed, omitting data from the rectal examinac c tion from major criteria 2 and 3 (Table 4) irrespective of the result. The specificity of the clinical case definition in correctly identifying noncintussusception controls was 95% in Hanoi (223/234) and 87% in Melbourne (352/404). Only 11 conc c trols (2%) were defined as having probc c able intussusception according to the case definition in a combined analysis using data from both sites (2 in Hanoi; 9 in Melbourne).
Changes to the clinical case definition
Due to the reluctance of medical staff and families to have a rectal examination performed in infants, we reanalysed data from patients classified as having intusc c susception but omitted the results of the rectal examination from major criteria 2 and 3 using the same approach as in the specificity arm of the study. This rec c sulted in a small reduction in sensitivity at both sites. Because radiological facilities may not be available in some primary care centres we also reassessed data from the sensitivity and specificity arms of the study, omitting any contribution made to the definition by a radiological examic c nation (major criteria 1 and 2 and minor criterion). When noncspecific Xcray changes (minor criterion) were excluded from the definition, and the definition was changed to include only two or more minor criteria, sensitivity remained at 96-97% but specificity fell (85% in Hanoi; 65% in Melbourne).
Due to the disparity between sites in reports of lethargy occurring in patients, the analysis was repeated, omitting both lethargy (minor criterion) and nonspec c cific Xcray changes from the criteria and changing the definition to include only two or more minor criteria. Again, sensic c tivity remained at 96-97% and specificc c ity was reduced but not as dramatically as when only Xcrays were omitted (89% in Hanoi; 83% in Melbourne).
Discussion
The clinical case definition for acute intussusception in infants was found to be both sensitive and specific for diagc c nosing intussusception in Hanoi and Melbourne. An important strength of this prospective study is our adherence to strict criteria for diagnosis and the validation of the diagnosis in a high proportion of patients by an indepenc c dent radiologist who was blinded to the patient's status. The study confirms previous findings of a retrospective valic c dation study performed at a tertiary care paediatric hospital in Australia. 8 The defic c nition has already been used successfully in clinical trials of a rotavirus vaccine in which more than 65 000 infants in Latin America and Asia participated.
Since untreated intussusception may result in death, a primary goal of this clinical case definition was to idenc c tify the majority of infants with intussusc c ception. However, intussusception may have a wide range of clinical presentac c tions -from lethargy to haemodynamic shock -and it is unrealistic to expect a clinical case definition to identify all patients. [10] [11] [12] [13] Improving the sensitivity of a clinical case definition often comes at the expense of specificity. Although inc c tussusception is the most common cause of intestinal obstruction in infants, it is still far less common than gastroenteritis, particularly in developing countries. [14] [15] [16] Interestingly, the specificity of the definic c tion in Viet Nam (95%) was higher than in Australia (87%), suggesting that the definition performs well in a country with a high burden of gastroenteritis and intussusception. However, there is a significant disparity in the number of patients presenting with gastroenteritis compared with those diagnosed with intussusception. Even with a specificity of 95%, the definition should be aimc c ing to identify patients at high risk of intussusception and should not replace clinical judgement in determining which patients should undergo further investigations to diagnose or exclude intussusception.
One of the difficulties we encounc c tered was defining the appropriate method for assessing the subset of inc c tussusception cases and controls who had data missing from components of the definition. The missing data were mainly the result of the reluctance of medical staff and families to have a recc c tal examination or an erect and supine abdominal radiograph performed if not clinically indicated. These omissions were considered to be valid, in light of the ethical issues they raised, if medical staff considered the investigations to be inappropriate or that they would pose a Sensitivity is the number (%) of patients with intussusception who had the sign or the symptom. b Specificity is the number (%) of control patients without the sign or the symptom. c P < 0.004 using c² test to compare Viet Nam to Australia. d Statistic uses all infants for whom sufficient data were available to make a conclusive classification. e Ultrasound was not performed on control infants in Viet Nam.
an unnecessary risk. One approach to interpreting the sensitivity data would have been to exclude from the analysis all patients with missing data. However, this could have biased the results. By including data from patients with a missing value (or values) and reanalysc c ing the data by assuming the missing component was positive or negative, the sensitivity of the test could be expressed as a range. Because staff did not perform rectal examinations in control infants, we attempted to minimize potential bias by excluding data from the rectal examination irrespective of the result in the specificity analysis. It is challenging to develop a practic c cal clinical case definition for intussusc c ception that is suitable for use in a range of healthccare settings. We identified a marked difference between the frequency of reports of lethargy and pallor in Viet Nam and Australia, although most of the other clinical features were consistently reported at both sites (Table 3) . 11, 13 The clinical case definition includes the use of basic radiology, however not all health centres may be able to perform an abdominal Xcray. To investigate the sensitivity of the definition in the absence of any radiological facilities we reanalysed the data to exclude the need for an Xcray or ultrasound. When the criterion for noncspecific Xcray changes was excluded and the definition was relaxed to include only two or more minor criteria, sensitivity remained at 96-97% at the expense of specificity (85% in Hanoi; 65% in Melbourne). However, if both the noncspecific Xcray changes and lethargy were excluded and the definition was relaxed to include only two or more minor criteria, a greater proc c portion of cases were able to be assessed. Under these conditions, the sensitivity of the definition remained 96-97% and the specificity was 83-89%. This suggests that exclusion of these two features will improve applicability and increase the reliability of the definition.
Conclusion
The clinical case definition for the diagc c nosis of acute intussusception in infants Melbourne) y específica (especificidad del 95% en Hanoi, y del 87% en Melbourne) para la invaginación intestinal entre los lactantes con datos suficientes para poder clasificarlos (449/533 en Hanoi; 50/51 en Melbourne). El reanálisis de los pacientes sobre los que faltaban datos parece indicar que la modificación de algunos criterios secundarios ampliaría la aplicabilidad de la definición sin influir apenas en la sensibilidad (96% -97%) y la especificidad (83% -89%). Conclusión La definición clínica de caso de invaginación intestinal aguda en lactantes se reveló sensible y específica tanto en un país en desarrollo como en un país desarrollado, pero la introducción de ligeras modificaciones permitiría aplicarla de forma más amplia.
